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TITLE OF THE INVENTION 

SEMICONDUCTOR LASER DEVICE FOR USE IN A LASER MODULE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 J The present invention relates to a semiconductor laser device for use m a 
semiconductor laser module suitable as an excitation light source for a Raman amplification 
system. 

DISCUSSION OF THE BACKGROUND 

[0002] With the proliferation of multimedia features on the Internet in the recent years, 
there has arisen a demand for larger data transmission capacity for optical communication 
systems. Conventional optical communication systems transmitted data on a single optical 
fiber at a single wavelength of 1310 nm or 1550 nm which have reduced light absorption 
properties for optical fibers. However, in order to increase the data transmission capacity of 
such single fiber systems, it was necessary to increase the number of optical fibers laid on a 
transmission route which resulted in an undesirable increase in costs. 

[0003] In view of this, there has recently been developed wavelength division multiplexing 
(WDM) optical communications systems such as the dense wavelength division multiplexing 
(DWDM) system wherein a plurality of optical signals of different wavelengths can be 
transmitted simultaneously through a single optical fiber. These systems generally use an 
Erbium Doped Fiber Amplifier (EDFA) to amplify the data light signals as required for long 
transmission distances. WDM systems using EDFA initially operated in the 1550 nm band 
which is the operating band of the Erbium Doped fiber Amplifier and the band at which gain 
flattening can be easily achieved. While use of WDM communication systems using the 
EDFA has recently expanded to the small gain coefficient band of 1580 nm, there has 
nevertheless been an increasing interest in an optical amplifier that operates outside the EDFA 
band because the low loss band of an optical fiber is wider than a band that can be amplified 



l 



hv the EDFA; a Raman amplifier is one such optical amplifier. 

^ „ a Raman amplifier sys,em, . -ng pumping ligh, beam is pumped ,„,o an op 
ansnussion - carrying - op,,. d„a «... As U *now„ in ,o one of ordinary «... - 
,„ a Raman scaring effec, causes a gain for opnca, signals ha.ing a fr^ency 
^lately 13THz smaller than .he frequency of ,he pump.ngbeam. Where he da,a 

IT le optica, _o„ iine has ,h,s longer waveleng.h, the da.a s.gna, ,s amph ■ 
I unlilte an EDFA where a gain wavelength hand is de,erm,„«d by the energy ieve, of an 
Erbium .on a Raman amplifier has a gain waveieng.h band .ha, is deiermmed by a 
w^lgth of the pumping beam and, .herefore, can amplify an arhr.rary waveleng. ba d y 
le lg a pumping light waveieng.h, Conse q ne„,,y, Ugh. s.gnals w„h.» .he entire low loss 

of an optica, fiber can he amplified wi.h .he WDM commnnica.ion sys.em using .he 
rTI amplifier and .he number of channels of signa, ,igh, beams can be increased as 
f-nmnared with the communication system using the EDFA. 

^Although ,he Raman amplifier amphfies signals over a w.de waveieng.h ban, ,he 

Tp . laser dev.ee as a pump.ng source However, merely increasing .he ou.pu, power of 

1. mode pump.ng source leads ,0 undes.rahl. s.imula.ed Bril.ouin scauenng 
lased noLs ,. h,gh pea* power value,. Therefore. ,he Raman amp fie, 
pumping source laser beam having a plurality of oscilla.ing long,,»dma, modes. A see ,n 
15A and 15B, stimulated Bril.ouin scauenng has , .hreshold value P, h a, wh.ch ,he 
stimulated B„.,ouinsc,t.e„ng is generated. For a pumpmg source having a single 
„ g « a, mode as ,n .he oscillation waveleng, specuum of Figure 15A. .he high ou.pu 
™ In, of a Raman amplifier, fo, sample 300 n», causes ,he pea, outputpower of ,he 
I ,e mode ,0 be higher ,ha„ P,,hereby gencraung undesirable stimulated Brillou, 
elnng On ,he o.her hand, a pumping source having mult.pl. long— modes 
d 1, s ,he output power over a plurali, of modes each having relatively a low pea, luc, 
Wore as seen ,n Figure ,SB. a multiple longitudinal mode pumping source hav ng the 
^ 00 mw outpu, power can be acquired wi.hin the .hreshold value P. .hereby 
I, a,,„ g ,e s.imu,a,ed Bnllouin scattering problem and providing a larger Raman am. 

occur when a pumping light intens.ty is unstable, a Raman gam 

Zanons in .he Raman g.,n resul. in fiue,u„io„s in ,he in.cnsi.y of an amplified signal 
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• Therefore in addition to providing multiple 

whl ch is undesirable for data communications. Therefore, 

stable intensity. f component 

r ™. lirdit having the « polarization as a pumping light. That is, 

min , m ize an influence cau y ^ ^ causes nQ 

beam and that of a pumping light beam. Wh ^ 

w«n hecause the difference in polarization state between the s.gna 8 
polarization problem because d ^.^ & ^ pumping 

the counter-propagating pumping light is averaged a 

meth od has a strong dependency on a polanzation of *^J^£ 

nation between the two co-propa^mg waves ^y of ^an gain on a 

polarization of pumping g min . mizing ^ ^ rf polanzat , on 

r i,t «™,rce helo to provide this minimum degree of polanzation 
pumping light source help to pro v. conventional Raman 

mnnsi Fieure 16 is a block diagram illustrating a configuration of the conventio 
[0008] Figure 10 is tpm T n Fieure 16 semiconductor laser modules 

amplifier used in a WDM communication system. In Figure 

amplifier used - re(1 FabrY Perot type semiconductor light-emitting elements 

i82a through 182d, include paired Fabry Perot typ Tne laser modules 

18 0a through 180d having fiber gratings IBlathrough ^^J^^^ 

-andlS.outputlase^^ 

fiber 71 to polarization-multiplexing coupler 61a Similarly 

IntJo—g,-" 

nolarization-multiplexing couplers 61a and 61b respectively p V 

: _ ^s . . ™ M 6 , ^ - « *» * 

, , „„ multiplexing couplers 61a and 61b have different wavelengths. 
Crr^M upler « nrultipWes the laser beams outputt.d from ,h. polan.a.io, 
,00091 The WD P V ^ ^ ^ ^ ^ a pumplng 

multiplexingcouplers61aandOI0,an oh 

„ ght beam to externa, isolator 60, which ^» the be™ to amphfying fiber 



beams are Raman-amphfi.o y 6 ^ 65 » d lhe polarization- 

a monitor light branching coupler 67 v,» the Wl> ,„„ ou , outs a portion of the 

.dependent tsolator « The monitor ,i 8 , — ^' ~ ^ f , ed ^ lighl 
amplified s.gna, light beams ,0 a control circm, 68 and ~m 

amplification gain is flat over /aveleng.h. of a conventional fiber 

.00.0! ^'^^^^Z^^^ 

system of Figure 16. As seen g fiber m Thg 

^conductor light-emitting element (laser diode) 02 ^ 

semic0 nducto r light-emttting element 202 has an active ^ ^ 

f p 992 at one end thereof, and a light irradiating surfaces 
reflecting surface 222 at reflecting surface 

Light beams generated inside the active layer 221 are 
222 and output from the light irradiating surface 223. 

snrface 223. F.ber gra, g ^ ^ ^ ^ ^ 233 

ou ,pn, as an oo.pn. laserbeam , ^ ^ ^ ^ ^ m 

m7i Whtle the conventual V J _ ^ flber 

grating module of Figure 17 is p As discussed above, this 

fluctuation in the pumping light intensity 



- Vi ■„ turn causes the amplified signal to 
„„c.u a ,e. The large valu . *0N - p- ^ pumping ligW Qf high 

100131 The mechanical s.r»c.ure of the f,be, gra . S ^ ^ ^ 

Canges .» amb.en, .empera.ure. ,„ * 233 , 

cause small changes in oscillanon wavelength selected by 

con.rihu.ing .o .ns.ab.li.y of ,he pump.ng hgh, source ^ 

.00. «. ™ — ;t ' I ~I a f.ber gra.ing, an **~ 

cause, by .he need fo, an ex,.™, »—••»- « » fiber because lhe 

c^.h.m.e^^een.hesem— ^2^™^ 
ex.en.al cavity oscillation ,s governed hy the reflect, SOTico „d„c.o, 
^a.or would pteven. .he .ef.ec.ed hgh. from ^^T^Zl* ■< is -cep.ihle , 

dev,ce. Therefore, .he f.ber gra,.ng laser "^f^L* amplif.e. s,s,«m 
re „ec„o„ and ea,,y influenced. Moreover, as seen ,n . e « R ^ T ^ 

lens and output fiber of the external isolator. 

SUMMARY OF THE INVENTION 

w rt nf the present invention is to provide a laser dev 1C e and 
,0015] Accordmgly, one object of the present 

fiber grating laser module. 



,„„,„, Acceding ,0 a firs, aspeel of the present invention, a semi—or device having 
1C« con Lred .0 radiate iight, a space, iayer in contact w„h .he act,v. iaver and a 
Z Z led „i,„i, the space, ,a y er ,s provided. The semiconductor dev.ee n,s 
!e onf, 8 u ed .0 em,, a fl* *- a pinrahtv of**— — 

;:l,l,ned spec tt a, wid.h o f an osciiia.ion —» speech, o f ,e sen,— 

the tirst ena resonant cavity is at 

resonant cavity within the active region. In this aspect, g 

lf-ast 800um and no more than 3200jim. 

least urn u t fthf> first asoect of the present invention, the diffraction 

mm 81 In another embodiment of the first aspect 01 v 

l b. formed substantial* aiong an en.ire ieng.h of .he ,c,ve layer, or a shortened 
^ ,C.ing formed aiong a po rt ,.„ of an en.ire .eng.h of .he active layer, n Cher of 

Hwinthevicinitvofanantirefleetioncoatmgofthe 
„irinitv of a reflection coating and/or in the vicinity o. 

/ .or ,aser device When placed in .he vicinity of .he an.irefleclion coaling, .he 
semiconductor lase, device. P ^ ^ ^ 

— " :;:; 8 „ s "r reflection coa,ing has a high reflectivity of a, icas, 

I Creflectiv,,, .he antireflection coating has a *. reflect™, of »PP— 
« ,o L, and the reflection coating has an uhra-iow reflect,.,, of approximately 0, /. ,o 
2% and more preferably 0., or ,.s, ^ ^ 

mm oi According to another aspect ot the presem mv C 
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IOTSitu d,„a, modes tocated .u,n a pre— -p— ° t,he ° sdto 

wavelength spectrum. parameters may include 

l0 020] in this aspect of the mvent.on, the step of se ectin P P ^ 

t ravitv length of the semiconductor laser device to proviae V 
setting a resonant cavity length providing a chirped 

diffraction grating within the device. , emicon d U ctor laser device 

indu d,„ B - " - - « em|tted by , he s—ctor 1M „ de„ce as an ontpu, 
, port.on of the rad.a.ed ^ specmm 

having a plurality long for ensunng may 

S " X layer and » faction ^ fornted «,,hi„ .he spa- .averts 

— or -v,e th, aspect is conned to emit a h 6 h. hearn h.v,„ g • 

wavelength spectrum of the semiconductor dev.c 

BRJEF DESCRIPTION OF THE DRAWINGS 

thereof will be readnyobta pH in connection with the accompanying 

following detailed description when con S1 dered in connection 



drawings, wherein: „„ npra i configuration of a 

,00241 Figure 1 is a broken perspective view showmg a general config 

line A-A of the semiconductor laser device s ^°*" ^^ii^atioMongitudinal mode output 
,002-71 F. g »re 4 .s a graph shctng the muLtp,. osc ™ . » 

• f, Effraction erating semiconductor laser device oi m P 

~ St ' CS ^ ^ I ect il vie. ,n the ,on B „ud,nal d.recon iihrstratrng a 
r^T^- ctortascr 

present invention; i onB itudinal direction illustrating a 

Xtioncoati.,— . 

CM ,,„ g in — to an emhod.men, the present _ > 

-:,eX— rrr:^.-— - 



laS e, module in aocordance with the present -endon; jfcr ^ 

100371 Flgore 

rcrr: r-i 



" ^ , block dtagr™ tl.ustrat.nga conjuration of aRam» amphfter in 

,0038] Ftgure 1 3A ,s b oc ^ ^ ^ ^ ^ fom 

fen svs.em in which .he Raman amplifier shown in Figure 1 3 ,s used, 
—T CI 15B are graphs showing ,he rclationshtp of laser beam ouipu, 

used in the Raman amplifier shown in Figure 16. 

r*PTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
,0043] Referrmgnowtothedrawmgs Fi2ures , 2 and 3 thereof, there ,s 

refere „ee destgnation throughout, and more V^T^T^ „ ^ . . pumpmg 

llg „, souree in a Raman — ' view shown* a general configura.on of a 

along the line A-A in Figure 2. 9n ofFiaures !_ 3 deludes an n-InP substrate 1 

l00 44, The semiconductor laser device 20 of Figur s 1 

t p h„ffer laver 2 an active layer 3, a p-InP spacer layer 4,ap 
havmg an n-InP buffer layer 2 j Buffer ^ 2 serves 

6, and an InGaAsP cap layer 7 sequentially stacked 
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■ i a „ under cladding layer, while the active layer 
bo.b as a buffer layer by the n-lnP ma.cnal and a under claddmg y^ 

3 is a graded index separate confinement muhiple -11 < G ™ > 

- c,„lnr,«As material is periodically formed within the p-InP spacer 

detraction grating 13 of a p-InGaAs maten P ^ ^ ^ 

;C 'I best seen , Figure ,, the p-lnP spacer layer 4 bavins the diffrachon grabng ,3, 
Q L SCH-MQW acttve layer 3, and the upper par, of the n-.nP buffer layer 2 are 

=====5 ==H=r 

electrode 10 is formed on the upper surface of InGaAsP cap lay 
1 1 is formed on the back surface of n-InP substrate 1 . 

ll,s formed on reflective fllm ! 4 havmg high reflection factor of, for example, 

100461 As seen in Figure 2, reliecuve & 

—reisformedonah^^ 

l onglt udinal du-ection of the semrconductor * a h g ht Radiating end 

low light reflection factor of, for example, 1% to 5 /o is formed on g 

• „ the lieht reflecting end surface of semiconductor laser device 20. The 
surface opposing the hght reflecting ^ ^ 

reflective film 14 and the antireflection coating 15 form a light 

reflective nu A. seen in Figure 2, the resonator has a 

i „friip semiconductor laser device 20. As seen in ngu , 

GRIN-SCH-MQW active layer 3 of the light resonator is reflected by 

T ^Zl^^^ ulrlaserdevice20. present 

m0 dules such as the one described with respect to Figure 17. 

,00481 First the semiconductor laser module illustrated m Frgure 17 provide, a 1 g 
r igh ^ which i. contrary to the retirements of a Raman amplifier asdiscussed above, 
with high Ri d . scovered that the flber grating 

Referring again to Figure 1 7, the present 

semiconductor laser module 201 (182a through 182d in Figure 16) has large RIN 
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semi eo„d»c.or laser ^ ^J^,, 202 , stab.e Raman 

eannot be performed. However s „ coa , mg , 5 direct.y as an 

mventton provides a laser beam m ^ „ beI ^.ng, the RIN 
citation lie* -ree Raman -P md , ^ Ramm 
H«- A, a result the fluctuation of the Raman gain i> 

dev.ee of .he pre* semi eo„duet.r ,aser modu.es. 

a Rama " amP " f,Ca "° * , he ba elcward pumping method is mos, frequently used ,„ 
A pp,ieants have reeogm.ed rha, bae^ - J , ^ ^ 

adapted lo a forward pumping method. v „„ ductor laser module illustrated m 

Flgur , H are also dimmished b, the present — Sm ^ 
grati „ 8 dev.ee is no, physioall, separated from *- 

d„esno.e*perieneeavana..onof.heoso,.la g , ight oulp „, 

meehameal vibration or change ,n ambient temperature » d e» « ^ 
and Raman gam Moreover, as the d.ffraet.on grat.n o e P - 

eon.rol unit that proves temperature eontrol for se ^ 

— witbtbepresenttnventtonaswiiibe^er 



described below 
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, . „f, h „„ reS ent invention musl also provide multiple long™ 
grattng device of the present ^ on|y single 

operation. Despite the fact that conven ona, integ^e gr S ^ 
mod e operation suitable for a signal light source, ^ «- ^ ^ ^ 

m „„ipl« mod. operation suitable for a pumping light source 

provided byan integrated diffraction grating device. characleri s,,cs of a 

the oscillation wavelength spectrum P ^ of ^ 

las er device of the present mv.ntion S spectrarn , 0 as 

FiBure 4 also shows the predetermined spectra wdth , 

defined bv of half power pointshp of the osc, ™» ^ ^ „ f wavdength 
wid ,h „ ,s a predetermined spectra, bandwidth which 4 sho „ s , he 

predetermined spectral width w as the tall ^ ^ 

T» , this ascription tha, the number of laser operating modes ma, 

spectrum 30. 1. is clear fro ^ ^ ^ ^ 

change for a given oscdl. on — ■ P ^ ord „ „ provlde 

spectral width w is defined. Thus, as recog y rf 

Brillouin seated ,n aRaman ^ - ^ ^ ^ the 

predetermine spectra, wtdth w ° f the of lo „ gi ,„d,„a, 

, 00531 Moreover, the present ,n— ^ ^ ^ ^ ^ . ^ „ y 
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• Haht This dependency is canceled by performing 
polanzation of the incident pumping light. Th 1S depen y laser 

:::::: rr te 

enntted h g h, from semiconductor las, dev.ce ,s — ^ obtain a random 

r by :r:i: ^rii— •jsh'— -- 

general, >h= more .he number oi.n p aIticu |,rly, when .he number of the 

,en,r. of .he portion m.ntatmng ^ » ^ y J r OT fl ve, ,e coherence 

rrr^^— . 

length of the laser ngm becomes easier to 

obtain a laser light of low degree p ^ 2 ^ 

l:^- w*. - au-r ,he wavelength .n.erv.l * ma, be 

, ,ed However a Raman ampliation sys.em poses limi.s on .he values of the 

case m which the semicondu ^ ^ ^ 

if the wavelength interval A A, is U.i nm vi , 
Raman amplifier, ,f the wave ^determined spectral width 

stimulated Brillouin scattering is generated. With regard to 
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!l r o f » semiconductor devtce - * represented * - *«~« — 



AX= Xo 2 /(2«n«L), 



• ,w i k the oscillation wavelength, and L is a 
mnMl where n is the effective refractive index, h> is the oscma 

refractrve editions for oscllat.ng a 

the narrower the wavelength interval AX becomes, an ^ 
, a se, beam of thecal longi.ud.n,, mode becomes ^ ~ 1 ^ _ 

j „.,„.litv of longitudinal modes within a predeterrmned spectral w,am 

L - - m ad. too short. For example, ,n .he diffract.on gratmg 
: ic o Z: 1-3 wi-ere the oscliatton wavelength U U -0 . and the effecttve 

♦ i«,«rth is 800 um When the resonator length is 800 um or 
0 39 ran when the resonator length is SOU um . HnweV er 

the resonator length L must not be m ^ ^ . g 

nrn cannot be achieved. Returning to the example of Figures 

, u ■ ♦ ,»i AX of the longitudinal mode is approximately 0. 1 nm. 
3200 um, the wavelength interval AX of the longiru 

0057 Thus for a semiconductor laser dev.ce havmg an oscillation wavelength of 0 
[00571 Thus, l must approximately 

^ and an effective refractive mdex of 3.5, t e r on 
W1 thin the range of 800 to 3200 um as md.cated in Figure 2. 

Iu s8 00, m ormor,However,thesemicond :: laser 
le^ofthepresent invention, is intentionally made to provide a laser output wUh a 
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p ,„ r „i,y of oscilla.ion .ongi.ud.na, mc.es inCuded w„h,„ ,he 

of ,h. oscilla.ion waveiength spec.rum by ac.ively making me resonator length L 00 urn 
more. ,„ addifion, , ,ase, d.ode w,.h such a long .senator ,eng,h ,s suKable ,o ge, h,gh 

^A-rding ,0 anomer embodiment of,he presen, invenfion, .be objective of 
rov, ing a plurality of operating modes w,,h,n a predetermined spectra of be 
sciiation profie 30 is achieved b, w.dening the predefined spec.ra, w-d.h w f the 
oration rofi.e 30. ,„ .,s embod.ment, the predetermined spectra, 
oscillabon wave.ength spectrum 30 , varied by changing a couphng — * »^ 
mating ,.ng,b Lg of the effraction grating. Specifically, assummg a fixed mulfiphcafion 

Zl w defined by the FWHM poin., where the grating ,eng,h Lg of the resonator ,s 

- P-e etermined spectra, width w is tncreased thereby a„ow,„g a greater number 

z*-* « — - — w,d,h w 85 t rz:T 

* this regard, i, is noted that convention*, integrated grating devices used o„,y fid, ,»g.h 
" n8 stLture. Th.s is because these convention, devices provided on,y s.ng.e mode 
C on i« »"ich „ was „ndes,rab,e to .ncrease predetermined spectra, width. T* present 
nv ntors have d.scovered ,h,t shortening .be grafing is usefu, ,n providing tnu ,,, e - 
TZtion ,n this way, .he .nfiuence of the Fabry-Pero, ,„» resonator formed by the 

oredetermined spectral width w in accordance with .he present invent.on. 

^ Ftg- 5 is a ver.ic.1 secfiona, view ,n ,b« ,o„ 8 ,,d,„», d.rec.ion .llus.raung a 
:2 configuration of a sem.conductor ,ase, device accord.ng ,0 an embodiment o^e 
resen, invention. Th. semiconduc.or ,»s.r device shown in F.gure 5 has an osc.Ua. on 
wave ength of 980-1550 nm, preferab.y 14 8 0„m, and has a simfiar configures ,ha, of 
-3 w.,h ,e excep.ion of.be shortened effraction gating 43 and ,be refieebve 
"i s of.be refiecfion coa.tng 14 and .be an.irefiection coa.ing , 5. Diffiact.on grafing 43 
s a t ened gra.ing posi.ioned a prede.enn.n.d ,e„g.h Lg, from the antirefiecfion co.fing 
T in h,s regld ,he present tnventors have discovered tha, if the d.ffrac.ion grafing 4 ,s 
Z Z l.i Uy ■ bbe reg,on of the anfirefiecfion coat.ng ,5, an u,,ra-,o„ hgh, refi.Cng 
I, g st,d be a phed as the an.irefiection coa.ing 1 5 and a high hgh. reflecting co.fing 
Chid as,e refiecfion coa.ing ,4. T** tbe refiecfion coa.ing ,4 and .he anfirefiecfion 
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co 0 ti„ 8 15 of Figure 5 preferably have a reflectivity of 80% ormore, and 2% or less 
eCIvel, Moreover wltere ,he option grating , formed i„ ,he ^reflection coatmg 1 5 
side as ,„ Ftgure 5, i, is preferable ,„ se, the reflect.vity of the diffraction grat.ng 43 ..self 
Her low; therefore, the coupling coefflcien, K-U is preferably se, to 0.3 or less, and tnore 

preferably set to 0.1 or less. . 
00.0, AS a spee.f.c example of the of the diffraCon granng semiconductor laser dev.ce 
„,us,ra,ed ,n Figure 5, a resonator length L may be se, to 1300um and the grating length of 
,he dtffraction grat.ng 43 to ,00 „n, with a couphng coeff.cien, K-Lg of 0.1. W„h a front 
face, 15 renecttvtty of 0.1% and area, face, ,4 reflect,,,,, of 97%, a predetermine spectral 
Z, of ,h. osci„.,ion wavelength spectrun, 30 ,s .5 to .6 nm and 3 osci„.,,on modes can be 
lied in ,he predefined spec,ra, wid.h. Figure 5A is a graph showing the op,,cal output 
power of such a semtconduc.or laser device as a func.ion of oscil.anon wavelengfh. Th s 
;lr dev,c. was also shown ,o have a UN of under -140 db/Hz a, abou, 10GHz and a d„v,„g 
current of over 300 mA. 

,006.1 Figure 6 is a vemca, s.Cional v.ew in the longitudinal d.r.cnon show.ng » 
Lgrated dLcUon gra„„g 44 provided ,„ the reflection coat.ng 1 4 s,de (,.e„ rear face,, 
Instead of ,he diffraCon gr„in g 43 illustrated in Figure 5. The present inventors have 
d e,erm,„.d ,ha, if ,he diffrac.ion gra.ing 44 is formed subs.antially in the regton o he 
reflect.on coat.ng ,4, an light reflecting coat.ng having the reflect,,* of 1^ o 5 /., 

„, more preferably 0.1 ,o 2% should be applied as ,he an.irefl.c.ion coat.ng 1 5 as w,.h th 
Zi.men, Of Figure 5. However, un, te ,be laser device of F.gur. 5, fl,e re econ coahng 
,4 in Figure 6 has a low light reflectivity of I to 5% preferably .1% to 2%, an more 
preferab y 0,%or ,ess. Moreover where the diffraction grat.ng ,s formed ,n ,he refleCon 
l„„g 1 5 side as ,„ F.gure 6, „ is preferable ,o se, ,he reflec,iv„y of ,he d.ffrac.on grahng 
44 Uself rate high; ,hus, ,he K'Lg is preferably se, a, lor more. 
,0002, Figure 7 is , vertical sec.iona, view in ,he longi.udinal direC.on .llustrafng a 
Lnfl oration of a semiconductor laser dev.ce combining the strucrures of Figures and 6^ 
That s, the sem,c„nduc,o, laser dev.c. has a diffraction grat.ng 45 formed a 
,e„ g ,h Lg3 from ,he annrefleCve coa,i„g ,5 wh.ch has an n„r,,o„ „gh, reflec,,., , of 0.1^ 
%, pLrably 0,% or less and a diffraCon grating 4, formed a ^ » 

from the r.flec.ion coa.ing ,4 which also has ,he uhra-low ligh, reflect.v.ty of 0, ,0 2/., 
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f MvOWorless Moreover, s.nce ,h. difftac.ion grahngs 45 and 46 are forced ,n .he 
1 "I ^ .5 Side and thermion c„a,,n 6 ,4 s,d« respect, , he of 
antireflective coating atl<1 the reflectivity of the diffraction grating 

46 itself is set rather high. More specifically, the K Lgottn 
K*T e of the rear facet is 1 or more. 

L 6 , Thus as ,Uus,r„ed in Figures 5-7, shortening of ,he diffrachon grahng o a 

ondu iMase, de-ice widens.he predefined spec.ra, w.d.h w of .he osc„„„o„ 
ZZ — - semiconductor laser devrce ,o provide ,he desned 

that the diffraction gratings are not limited to these config 

• , ! „th with resoect to the resonator length L may be lormeu at <u y F 
having a partial length with respect reflectivity 
along the GRIN-SCH-MQW active layer 3 as long as consideration is given 
f the diffraction grating and reflecting and antireflective coatings. 

n ™ Shifted toward a shorter wavelength where tne granny 
thereby effectively increasing the number ot longnu 

Z ■ cX-on of a —Co, laser dev.ce hav,„ g a chirped diffrachon gra ,ng. As 
: I ih.s F U diffr-Cion gra.ing 4, ,s mad. ,o rncinde a, ,«s, - g-ng penods A, 



17 



and A, F.gure 9 ,s , graph .frustrating .he princ.ple of a compos,,e osc.lla.ion wavelength 
spec.rum produced b y .he coined penod A, and A, of F.gure 8. As seen in Figure - 
oscilla.ion wavelengm spectrum c„rres P o„d,„ g ,o A, ,s produced „ « longer wavelength .nan 
,„e osc.llauon wavelength spec.nam corresponding ,0 A, s.nce .he p..ch A, is larger .bar , A, 
Where «hese ind.vidua, oscilla.io„ wavelength spec,rums are made ,o overiap such « 
waveleng.h ha,f power pen, of ,hc spee.mm of Ai is at a shorter w.v.leng.h than a long 
wavelength half power point of the spectrum of A, , composite osculation wavelength 
spectrum 900 is formed as shown in F.gure 9. This compostte spectrum 900 defines a 
cmposite spec™ w.dth of to thereb, effect.vel, wtden the predetermined spec.., w.dfh of 
Z length oscillation spectrum to include . larger number of oscllahon long.tud.na, modes. 
Z , F.gure ,0 illustrates a penod.c fluctuation of the gra.mgperiod of the d.ffract.on 
Ling 47 As shown in Figure ,0, the diffraction grating 47 has a structure in whtch the 
verage period ts 220 run and the periodic fluctuation (delation, of ,0,5 nm is repeat, m 
th , pld C. ,n thts example, the reflection hand of the d.ffrac.ion grat.ng 47 has the ha * 
! 1 of approximate, 2 run b, this periodic fluctuation of ,0- - 
,o * oscillation longi.ud.na, modes to be included within the compos.te w.dth wc of the 
composite oscillation wavelength spectrum. 

Led eriod C ,„ the above-mentioned emhodiment, conjuration of the present mvention * 
„„„i„„ed ,0 tins, and the grattng penod ma, he random., changed between a penod Ai 0 
nm + 0 15 nm) and a period A2 (220 run — 0.15 nm). Moreover, as shown m F.gure 1 1 A 
diction grating mav be made ,„ repeat the period A, and the period M alternate,, and ma, 
„e g,ve„ fluctuation. In addition, as shown in Figure „B, me d.ffraction gra.mg ma, be 
mad. .0 a,.ema.ive,y repea. me period A, and .he period A, for , p.ur.lt.y oftm.es 
respective,, and ma, he given fluctuation. As shown ,n Figure „C, ,he diffraction grating 
Z h. made .0 have . plur.,.., of successive periods A, and a plurali., of success,, p.nods 
Al and ma, he given fluctuation. Further, .he diffraction gra.ing ma, he disposed b, 

,0068, Thus, - i„us.,a,ed b, Figures S-l 1 , b, giv.ng ,he d.ffrac.ion grating provided in .he 
!TL«. U_ device a penodic fluctuation of plus or minus a few nm with respect ,0 an 
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the resonator length L, it is to L 
not limited to this and the chirped gating may be formed along p 
(i e the active layer) as previously described. 
069, Figure 12 i» verhcal sectional view illustratmg the conf.gurat.on of a 

z z :* z — * • — - 54 - - ° pticai f,ber 55 h — ; 

laser device 51 u - — *** ~*»" » C " ,h "7 

of „ fl ec,,„ to — . p** *. - «~ « ^ fc 

51anaopt ,ea im e r55 - r — , -^J^^^ 

second lens 54 of the laser module 50 pmv.de. 

^ i«„c necessary to the laser module even wnuuui 
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use of ft. interna, .so!a,or reduces ft. loss of Raman amp.if.er system as w.l, be further 

slec- be>°w. Another advantage provided by ft. .ntemal isolator 53 is ft- ,, prov.de 
72 Lou — sties. More special,,, s.uee — iso.ator 53 ,s ,n 
" module 58. fte — isolator 53 ,s held a, a constant temperature an therefor 
lestolve ft. fluctuating Matron characteristics of an external isolator wh.ch ,s W ,c.,ly 

I L and is attached to a .ensure contro, dev.ce 58 mounted on the meta package 9 
lr modu,e 50. The back face momtor photo diode 56 detects a light leakage from the 
Te I oa.,n 8 side of tbe semiconductor laser dev.ce 5, The temperature contro ev.c. 
T 8 ,T Peltier module. Although current (no, shown, is given to the Peh.er module 58 ,0 

111 o,i„g and heating b, i,s polity, the Pe„er module 5S Actions ma.nly as a cooler 

I : s a, , ,0. temperature, and if a ,aser beam has a shorter wavelength compare w„h a 
Z £ wavelength, the Pelt.er element 58 heats ft. s.m,— ~ ^ 
controls it a. a h,gh temperature. By performing such a temperature control, the wavetagft 
« f fte —Cor laser d.v.ce can improved. ALemativ.lv, a ft— r 58a can 
! I, control the characterises of the laser dev.ce. .f fte temperature o the laser dev.ce 
mel ed by a therm.stor 58a located ,„ fte viein.ty of the laser device 5, ,s hrgher, he 
"module 58 cools the semiconductor ,a S er device 5,, and if the temperature ,s low. he 
P module 58 heats the semiconductor ,aser device 5, . By performing such a temperature 
II:, I wavelength and the output power .ntensi.y of ft. semiconductor laser device are 

™ ^er advantage of ft. laser module 50 using fte mtegrated laser dev.e 
Z lg,ofteprese„„nve„,ion,5,ha,«h.Pel,,rmod» 1 eca„be used to contro , . 

, „,h of fte laser device. As described above, fte wavelength select™ 
oscillation wavelength of fte laser device. diffraction mating 

ehanrcteris.ic of a diffraction grating is dependant on temperature, w.th the d.fffa t.on gra, g 
r^ted in the sem.conductor laser device ,„ accordance with the present m.ent.on, the 
reifer module 58 can h. used to act.vely contro, the temperature of fte gr.tmg and, 
therefore, the oscillation wavelength of the laser devrce. 
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,00731 F,gure 1 3 is a block diagram illustrating a configuration of a Raman amplifier used 
in a WDM communication system in accordance with the present invention. ,nF,gure ,3 
semiconductor ,ase, modu.es 60. through 60d are of the type descnbed in the embodimen of 
Fig ure 12. The laser modules 60a and 60b output laser beams having ft. same wavelength 
v i potation maintaining fiber 7, to polanzation-multiplexing coupler. Similarly, laser 
bis outputtcd by each of the semiconductor laser modu,es 60c and 60d have ,h. same 
Iv.length, and they are 

6 ,b Each of the laser modules 60, through 60d outputs a laser beam havtng a plurahty of 
O scil,a.,on longitudinal modes in accordance with the present invention to a respective 
polanza.ton-mu.uplexing coupler 6,a and 6,b v,a a polarisation maintaining fiber 7 , 
1,4, Po,anza,ion-mu,,ip,ex,ng couplers 61. and 61b/utpu, 
L earns having different wavelengths ,0 a WDM/up.er «. The WDM couple^ 
multiplexes the laser beams outputted from the po^on multiplexing couplers 6, „ 
6 ,b and outputs fhe multiplexed light beams a/pumping light beam to amph^ng fib* 64 
via WDM cclpler 6, Thus, as seen ,n FiguA a Ram. amplifier using a laser mo ulc ,„ 
accordance with the present invention do/not include an externa, isolator such as isolator 0 
^Figure 1 7. Therefore, the loss assoZed wt.h the externa, isolator, as discuss, above, ,s 

iLed from the Raman amp.ifZs.em of Figure ,3. Signal light beams ,„ be amplified 
are input to amplifying fiber 64/m sign., light inputting fiber 69 v,a polarization- 
indep ndent ,so,a.or 63. The Zphfied Signal ,igh, be^ns are Raman-amphfied by be, 
mnl, plexed with the pumpZligh, beams and input ,0 a monitor light branching couc^ 67 
via the WDM coupler 6vL the polanzation-independent isolator 66. The monitor light 
I h,„g coupler 67 Zuts a portion of the amplified signal «* »— « » — ' 

and . e remaini/ampl.fied signal „gh, beams as an output laser beam ,0 signal hgh, 



outputting fiber 7Jd. 

,00751 The control circuit 68 controls a lighfemitung state, for example, an optical 

I ,y of eachof the semiconductor ,,gh,-em„,i„g elements ,80a through ,80d based on 
h Jpor, L of the amplified signal light beams input ,0 the con.ro, circuit 68. Moreover, 
co„L, circuit 68 performs feedback control of a ga.n band of the Raman amphficat.on such 
that the gain band will be flat over wavelength. 

0.76, The Ranian amplifier d.scnbed in Figure ,3 realizes a„ of the advantages of the 
semiconductor laser device as previously descohed. For example, although the Raman 
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mpUta m— - 1. » * «» — me,hod ' 

„ser modu.es 60a through 60d output s.ab.e pump.ng Ugh. beams, a stab* Raman 
^Lt.on can he performed whether the Raman ampl.f.er ,s .he forward pumpmg method 

nr the bi-directional pumping method. 

The Raman amphher can he constructed by wave,eng,h-m»,,ip,ex.„s of a purahty 
"pumping Bgh. which are no, poiari.—tp.exed. Tha, is, .he semiconduc.or laser 

JodTof he Present .nventton can he used in a Raman amphf.e, .here me p.,^a„o, 
:„ C,e X ing o f pump,g »g, is no. performed. Pigure .3A is , h,oc k diagram . us -,„g a 

conf, urat.on of a Raman amphfer in which potion dependency rs cane led by 

ri,„g , pumping ,,h, beam ou.pu. from a s.ng.e sem.conductor laser ^ us,, 
polizatton m,in,ai„ing f.bers as , depolanzer, in accordance w„h an embod.meu, of .„ 
I, .nvent.o. As seen ,n ,his f.gure, laser moduies 60A and 60C are d.reCy connect d 

coupler o 2 v,a a po^at.on m„„,aining f.her 7, . ,n «h,s conf,gur.,,on, me angle of 
e™a„,a„ on axis of ,he potion maintaining f.her agains, ,he em„,ed hgh, from 
em lucor ,aser device is approximate* 45 degrees. As mentioned above, s.nce a, leas, 
I Lnai modes are iuCuded ,„ the predetermined spectra, width of the output spec .m of 

e aser Hght, .he coherence length of the laser hgh. becomes shorter and ,h. ieng.h of 
^atioLainta.rdng.ber necessary 
hor. Thus i. becomes easier to obtain a laser light of low degree of pol,„za..on POP) 
LI spectra, for reducing the potation dependency of a Raman amphftc. Therefor. 
The 1 dev.ee of .he present invenhon prov.des a further advantage ,„ that „ ,s poss.ble to 

11 1 «■** - p^-™-'"^ <- shown F,g r 3) 

d.tenorating DOP and wh,,e ob.ain.ng a corresponding reduction ,„ costs. 
,0078, The Raman amphfter ihustrated ,n figures ,3 and ,3A can be apphed to the WDM 
oluu.cation system as desenbed above. Figure ,4 is a b,OCK diag™ i,,ustra,,„g * genera, 
/olgurat.on of the WDM communication system .0 which ,h. Raman amphf.er shown ,n 
either Figure 1 3 or Figure 1 3 A is applied. 

07,, h, Pigure ,4, optica, signa.s of wavelengths „ through ». are Warded from , 
p,„,a,,.y of transmhter T*. through Tx „,o mu.ttp.ex.ng coup.er 80 where the, are 
lele g th-mu„iplexed and ou.pn, ,o op.ica, f.ber 85 ,ine for hansmtss.on .0 a remote 
III cations n. On a transm.sston route of ,. optica, T.be, 85, a p,ura„„ of Raman 
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a^lifiers 8. and 83 correspond,^ to the Ram» amphfter illustrated in Figure 13 are 
Z —ine an attenuated optica, sign... A — °" <* °« 5 

"an optica, demuhiplcer S4 ,„,o optica, s.gna.s of a p.ural,,, of — ns^ 

Mu,.ip,«r> ma, be i— on the optica, f.ber S5 for .nserting and _ an 

nntical signal of an arbitrary wavelength. 

0« lious,,, numerous motions and vanattons of the present nrvent.on are 

oil ended Cairns, the ,„ve»,,o„ ma, be pracuced othe^ise man as specf.ca,,, 

therein. For e,anrp,e, the present invention has been described as a pump.ng Ight 

^ e r . c Raman ^cation, — - - — '°" " ~ * ^ 

rige aud ma, be used as an EDFA pumping light source of the oration length of 

980nmand 1480nm. 
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